. Each of these zones has a corresponding mushroom body output neuron, activation of which favors either approach or avoidance behavior [8, 9] .
During learning, dopaminergic neurons alter the relative odor-drive from the Kenyon cells of the mushroom body to collections of mushroom body output neurons [9, 10] , suggesting a model in which plasticity skews the overall mushroom body output neuron network to direct appropriate behavior [9, 11] .
Two recent studies [12, 13] used synthetic activation of dopaminergic neurons to determine how dopamine release regulates synaptic activity through the mushroom body network. Dopaminergic neurons that innervate discrete zones of the horizontal lobes, and particularly the gamma lobes, of the mushroom bodies have been implicated in learned and innate odordriven behaviors ( Figure 1 ) [3] [4] [5] [6] [7] 14, 15] . Dopaminergic neurons innervating the g1 region are required to reinforce learning with multiple negative stimuli, and pairing odor presentation with g1, g2 or g3 dopaminergic neuron activation can drive aversive olfactory learning [3] . In contrast, g4 dopaminergic neurons are required for learning with water reward in thirsty flies [6] , whereas g5 dopaminergic neurons are critical for nutritious sucrose reinforcement in hungry flies [7] . Pairing artificial activation of g4 or g5 dopaminergic neurons with odor presentation forms odor approach memories.
Using a living fly preparation and electrophysiological recordings, Hige et al. [12] monitored learning-relevant plasticity in odor-evoked responses in the g1 mushroom body output neuron. They found that pairing odor presentation with optogenetic activation of the g1 dopaminergic neurons drove a near 80% reduction in the odor-evoked response of the g1 mushroom body output neuron, but not in the neighboring g2 mushroom body output neuron. Importantly, the depression was odor-specific and the plasticity followed the same temporal rules as behavioral learning. In addition, plasticity could be induced when spiking activity was suppressed in the postsynaptic g1 mushroom body output neuron, providing strong evidence that spike-timing dependent plasticity is not essential, at least at this Kenyon cell-mushroom body output neuron connection. This is consistent with learning being coded as dopamine driven presynaptic plasticity at Kenyon cellmushroom body output neuron junctions [11] , although there may be different rules for inducing plasticity in other mushroom body output neuron zones [12] .
In the second recent study, Cohn et al. [13] used a presynaptically localized GCaMP calcium sensor [16] to analyse the activity of dopaminergic neurons, Kenyon cells and mushroom body output neurons in living flies and dissected fly brains. Liveimaging dopaminergic neuron projections revealed that wet sugar activated g4 and g5 rewarding dopaminergic neurons, as expected [6, 7] , but also reduced activity of aversive dopaminergic neurons. In comparison, shock delivery activated An individual g Kenyon cell (black) sends a process through adjacent zones of the g lobe where it forms en passant synapses with largely compartment-specific mushroom body output neurons (blue). Each zone has a corresponding set of modulatory dopaminergic neurons (green) whose presynaptic terminals, and therefore likely released dopamine, are largely restricted to that zone. Some additional complexity of dopaminergic neurons and mushroom body output neurons that innervate and connect multiple compartments are indicated (grey). Reinforcing stimuli such as water, sugar, electric shock, heat and bitter taste, and behavioral states such as satiety, 'flailing' and sedation positively regulate specific classes of dopaminergic neurons while simultaneously inhibiting others (not illustrated). Individual mushroom body output neurons release either GABA, acetylcholine (ACh), glutamate (Glu) or an unknown neurotransmitter. Their activation can promote either approach or avoidance and sleep or wake behaviors. Dopaminergic neurons can be thought of as functioning like the fingers of a piano player to depress or release combinations of mushroom body output neuron channels and therefore skew the overall flow through the network. [12] , these paired protocols caused a depression in evoked mushroom body output neuron calcium. Dopaminergic neuron activity can therefore drive bidirectional, compartment-restricted Kenyon cell-mushroom body output neuron plasticity [12, 13] , consistent with earlier work [9, 10] .
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Ongoing dopaminergic neuron activity in the g1 compartment of the mushroom body has been suggested to reduce the motivational salience of odors to suppress expression of food-relevant memories in satiated flies [5] . Furthermore dopaminergic neurons innervating the g 0 lobe provide thirst-dependent control of water seeking [6] and hungerdependent control of CO 2 directed behavior [14] . It is therefore plausible that ongoing activity in dopaminergic neurons provides a moment-by-moment update of elements of the behavioral state of the fly and reconfigures the Kenyon cell-mushroom body output neuron network accordingly [11] . In support of such a model, Cohn et al. [13] noted coordinated dopaminergic neuron activation in the absence of reinforcer delivery. Aversive g2/g3 dopaminergic neuron activity accompanied 'flailing' movement in a dangling tethered fly, whereas the rewarding g4/g5 dopaminergic neurons were active when the flies were still. The patterns of dopaminergic neuron activity were not so correlated and logical when flies walked on a rotating ball. Olfactory stimuli also evoked patterned dopaminergic neuron activity, as would be expected from Kenyon cell-mushroom body output neuron-dopaminergic neuron connectivity [17] .
If combinations of dopaminergic neurons provide ongoing modulation to the mushroom bodies, one might predict that this would be evident at the level of Kenyon cell and mushroom body output neuron activity. Interestingly, odors were shown to evoke more presynaptic calcium in Kenyon cells and mushroom body output neurons in the proximal g2/g3 compartments than the distal g4/g5 zones. Furthermore, a more uniform Kenyon cell signal was apparent in a dissected brain, and in a dopamine receptor mutant [13] , consistent with in vivo dopaminergic modulation tuning combinations of Kenyon cell-mushroom body output neuron compartments. It will be important to understand how ongoing and stimulusevoked dopamine signals interact in the fly brain. One would expect that dopaminergic neurons shift between tonic and phasic firing states. In addition, it appears that different dopamine receptors are required for statedependent modulation [13] and reinforcement [18] .
It is currently unclear how ongoing dopaminergic neuron activity is generated. Movement itself, or sensory processes associated with it, could drive certain dopaminergic neurons to provide an update of the fly's situation. It will be interesting to know how Kenyon cell activity changes along the gamma neuron arbor as the fly transitions from quiescence to moving. It also seems possible that dopaminergic neuron activity might reflect Stop/Go signaling of locomotor intent like it does in the mammalian striatum [19] . Many years ago, the mushroom body was shown to influence the lengths of locomotor bouts [20] . Furthermore, activation of g4/g5 outputs has been reported to promote waking activity, whereas g2/g3 stimulation favors sleep [8] .
The recent studies [12, 13] strengthen the evidence that the fly dopaminergic system is functionally analogous to that of mammals. Drosophila dopaminergic neurons, like their mammalian counterparts, respond in a bidirectional manner to positive and negative stimuli. Furthermore, roles for dopaminergic neurons in the mushroom body in motivated behavior, reinforcement learning and movement parallel those of dopaminergic neurons in the basal ganglia. The reduced anatomical complexity and the ability to monitor physiological changes in identified neurons suggests that studies in the fly will provide a detailed cellular-level network understanding of how dopaminergic neurons select mushroom body circuit configurations to control behavior.
One theory of bacterial speciation states that bacterial and animal species share the property of cohesion, meaning that diversity within a species is constrained. A new study provides direct evidence that genomewide sweeps can limit diversity within bacterial species.
''Anything found to be true of E. coli must also be true of elephants!'' While Jacques Monod was thinking about the unity of biochemistry, evolutionary biologists and ecologists have also sought unifying principles across all of life. Accordingly, some evolutionary ecologists have proposed universal principles for the origin and nature of species [1] [2] [3] . One particularly contentious claim is that across all of life, species are each 'cohesive', in the sense that the diversity within each species is constrained by some force [1, 2] . Bacterial species may be subject to a special force of cohesion, owing to their low frequency of recombination [4] . This force is periodic selection, where natural selection favoring any adaptive mutation purges the genetic diversity, genome-wide, within an ecologically homogeneous species or ecotype ( Figure 1A,B) [5] . However, whether periodic selection occurs widely in nature or is even possible has been debated with a passion unusual for the field of microbiology [6] [7] [8] . Contributing to the uncertainty is that genome-wide sweeps were never observed in nature, that is, until the recent work of Bendall et al. [9] -using a high-throughput, metagenomic approach to survey a bacterial community over time, these authors charted a genome-wide sweep within one natural bacterial population.
In the days before metagenomics, it never seemed a good bet to search for a periodic selection event by focusing on your favorite organism -this process was thought too infrequent to be observed in one population during one grant-funding period. However, what is unlikely to be seen within a single focus population becomes eminently palpable within some population when you can observe an entire community simultaneously. The magic of metagenomics! Bendall et al. [9] surveyed the bacteria of Trout Bog Lake, Wisconsin, over eight years. From each small volume of lake water sampled, they lysed the cells and produced short DNA sequences representing the community's diversity. Short sequences were assembled into longer sequences by joining sequences (from different organisms) that were homologous and less than 2% divergent from one another. The researchers thereby clustered the organisms into groups of close relatives, and at the same
